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Abstract
'HVLJQVWUDWHJLHVWRVXSSRUWDQGHQKDQFHVFLHQWL¿FFROODERUDWLRQDUHVWLOO
ambiguous. The ability of universities and research institutes to support 
D FROODERUDWLYH VFLHQWL¿F UHVHDUFK HQYLURQPHQW DPRQJ UHVHDUFKHUV
through appropriate methods needs to be further investigated. The 
lack of understanding about the human factors behind collaboration, 
WKHQDWXUHRI VFLHQWL¿F WDVNVDQG WKH LQVWLWXWH¶VFXOWXUDOHQYLURQPHQW
are motivations for this study. As a part of our work on a European 
integrated project, Edu-Tech, this study investigated which factors 
of collaborative research are important to give us a clear picture for 
HQKDQFLQJWKHVRFLDOSHUVSHFWLYHRIWKHSURMHFW¶VZHESDJH7KLVUHVHDUFK
purposes a model, Time Environment, Individual and Group (TEIG), 
in order to provide descriptive variable necessary to understand the 
transformation of online social knowledge. Accordingly, we provided a 
new prototype for designing our online community, Edu-Tech, which is 
now ready to facilitate collaboration among researchers.
.H\ZRUGV HUHVHDUFK HFROODERUDWLRQ PRWLYDWLRQ FRPPXQLWLHV RI SUDFWLFH
FRPSXWHUVXSSRUWHGFROODERUDWLYHZRUN
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1 Introduction
&XUUHQWO\ HUHVHDUFK UHSUHVHQWV D UDSLGO\ JURZLQJ DUHD LQ VFLHQFH 7KH WHUP LV
NQRZQE\VHYHUDOV\QRQ\PVPDLQO\HVFLHQFHHKXPDQLWLHVHVRFLDOVFLHQFHF\EHU
VFLHQFHF\EHULQIUDVWUXFWXUHF\EHUUHVHDUFKKXPDQLWLHVGLJLWDOKXPDQLWLHVRQOLQH
JULGKXPDQLWLHVDPRQJRWKHUV7KHVHWHUPVLQJHQHUDOUHIHUWRXQGHUVWDQGLQJWKH
VRFLRORJLFDOSDWWHUQRIUHVHDUFKDQGWHFKQRORJ\KRZUHVHDUFKPRYHVRQOLQHDQGKRZ
LWEHFRPHVPRUHVRFLDODQGFROODERUDWLYH$GLIIHULQJLQWHUSUHWDWLRQRIHUHVHDUFKLV
WKDWROGSDUDGLJPVFDQQRWEHFRSLHGDQGWKXVDQHZIUDPHZRUNLVQHHGHG0H\HU	

6FKURHGHUS)XUWKHUPRUH0H\HU	6FKURHGHUDUJXHVWKDWQRW
RQO\LVDQXQGHUVWDQGLQJRIHUHVHDUFKLPSRUWDQWVFLHQWLVWVDOVRQHHGWREHFRPHDZDUH
RIKRZNQRZOHGJHKDVEHHQKLVWRULFDOO\WUDQVIRUPHGLQWRRQOLQHIRUPS
(FROODERUDWLRQ RU RQOLQH FROODERUDWLRQ LV WKH RQH RI HUHVHDUFK GLUHFWLRQZKLFK
GHQRWHVWKHXVHRIRQHRUPRUHFRPSXWHUPHGLDWHGFRPPXQLFDWLRQWRROVWRDFFRPSOLVK
VLQJOHRUPXOWLSOH WDVNV WKURXJKFROODERUDWLRQEHWZHHQ LQGLYLGXDOV &DL	.RFN
S&6&/UHVHDUFKLQGLFDWHVKRZFROODERUDWLRQDQGWHFKQRORJ\IDFLOLWDWH
VKDULQJUHVRXUFHVDQGFUHDWLQJNQRZOHGJHDPRQJSHUVRQV:DQJGHVLJQVKLV
FRQFHSWXDOIUDPHZRUNWRUHPHG\ZHDNQHVVHVLQEXLOGLQJHIIHFWLYHFROODERUDWLRQS
+HFRQVLGHUVDOOOHYHOVRIDLQGLYLGXDOFRJQLWLYHEHKDYLRUZKLFKHODERUDWHVVNLOOV
NQRZOHGJHHPRWLRQVDQGPRWLYDWLRQEOHYHOVRILQWHUDFWLRQLQFOXGLQJLQWHUDFWLRQ
IDFWRUV VXFK DV IULHQGVKLS DPRQJ JURXSV UROHV UHVRXUFHV DQG HQYLURQPHQW F
SURFHVVRIRUJDQL]LQJFROODERUDWLRQZKLFKPD\UHIHU WRUHVSRQVLELOLWLHVDQGUROHV
DQGGWKHFROODERUDWLRQDVVHVVPHQWSURFHVV7KH\VSHFLI\IRXUNH\LQGLFDWRUVIRU
XQGHUVWDQGLQJRQOLQHFROODERUDWLRQOHDUQLQJSHUIRUPDQFHEDVHGRQVNLOOLQWHUDFWLRQ
EHKDYLRUV WKDWGULYHSDUWLFLSDWLRQDQGFRPPXQLFDWLRQDQGERWKSHUIRUPDQFHDQG
LQWHUDFWLRQLQGLFDWRUVZKLFKWKH\UHIHUWRDVVRFLDOVXSSRUW*URXSDZDUHQHVVLVDQ
LPSRUWDQW DVSHFW IRU FROODERUDWLRQ LQ&6&/ UHVHDUFK WKLV DVSHFW UHODWHV WREHLQJ
LQYROYHG DQG NQRZOHGJHDEOH DERXW WKH LQWHUHVW DQG EHKDYLRU RI JURXSPHPEHUV
%RGHPHU	'HKOHUS
7KLV¿UVWVHFWLRQRIWKLVSDSHUGHVFULEHVWKH(GXFDWLRQ	7HFKQRORJ\SURMHFW7KLV
LV IROORZHG E\ DQ RYHUYLHZ RI WKH VWXG\PRGHO IRU XQGHUVWDQGLQJ WKH UHDGLQHVV
RIFROODERUDWLRQ7KHSDSHUDOVRSUHVHQWV WKHUHVXOWVRIDVXUYH\WKHFROODERUDWLRQ
UHDGLQHVVRILQWHUQDWLRQDO3K'FDQGLGDWHVDW¿YH(XURSHDQXQLYHUVLWLHVLQWKH¿HOG
RIHVFLHQFHDQGWKHPHDVXUHVWKDWZHUHXVHGWRJDWKHUWKHGDWD)LQDOO\WKHSDSHU
SUHVHQWVWKHUHVXOWVRIRXUDQDO\VLVDQGFRQFOXGHVZLWKDOLVWRIUHFRPPHQGDWLRQVWR
LPSURYHIXWXUHZRUN
2 Motivation (Edu-Tech) integrated project
7KH(GXFDWLRQDQG7HFKQRORJ\3URMHFW(GX7HFKDLPVWRGHYHORSHOHFWURQLFFRXUVHV
IRU WKH SRVWJUDGXDWH OHYHO LQ WKH ¿HOG RI HGXFDWLRQDO WHFKQRORJ\ )LYH(XURSHDQ
XQLYHUVLWLHVDQGWZRSXEOLFUHVHDUFKLQVWLWXWHVSDUWLFLSDWHGLQWKHSURJUDPZLWKWKH
JRDORIFUHDWLQJD(XURSHDQQHWZRUNWKDWZRXOGEHDEOHWRDZDUGMRLQW3K'GHJUHHV
VHHKWWSHGXWHFKHXDQGWRGHYHORSDQGSURYLGHD3K'VWXGHQWQHWZRUNLQ(XURSH
LQWKH¿HOGRIHGXFDWLRQDOWHFKQRORJ\$FFRUGLQJO\WKHVWXG\GHYHORSHGWZRPDLQ
FRQFHSWV)LUVWWKHSURMHFWVRXJKWWRFUHDWHDGYDQFHRQOLQHFRXUVHVWKDWZRXOGHQKDQFH
3K'VWXGHQWV¶FRPSHWHQFHVDQGTXDOL¿FDWLRQVDQGIRXU(PRGXOHVZHUHGHYHORSHG
SHUWDLQLQJWRFROODERUDWLYHOHDUQLQJVRFLDODQGFXOWXUDO LPSOLFDWLRQRIQHZPHGLD

SHGDJRJLFGHVLJQRIPHGLDDQGWHFKQRORJLHVDQGLQIRUPDWLRQV\VWHPVDQGNQRZOHGJH
PDQDJHPHQW6HFRQGWKHSURMHFWVRXJKWWRHQFRXUDJHFROODERUDWLRQEHWZHHQVWXGHQWV
FUHDWLQJDQRQOLQHIRUXPWRIDFLOLWDWH WKLVGHYHORSPHQW(XURSHDQXQLYHUVLWLHVDUH
LQFUHDVLQJO\UHTXLUHGWRHQFRXUDJHFROODERUDWLYHUHVHDUFKDQGSURGXFHFROODERUDWLRQ
EHWZHHQGRFWRUDOVWXGHQWV LPSURYHWKHLUTXDOLW\DQGHQKDQFHWKHLUPRWLYDWLRQIRU
FROODERUDWLRQDQGZRUNLQJWRJHWKHUQRWRQO\IRUPDOO\EXWDOVRLQIRUPDOO\
(GXFDWLRQ	WHFKQRORJ\SURMHFWLQFOXGHVVXEVWDQWLDOFHQWUDODQGUHDOVRFLDOIDFWRUV
ZKLFKSHUWDLQWRUHVHDUFKFRQWULEXWLRQ7KHVHIDFWRUVDUHRIWHQRYHUORRNHGDQGDUH
QRWDOZD\VLQWHJUDWHGLQWKHHOHDUQLQJFRQFHSWRIVHOIUHJXODWHGOHDUQLQJ$SUDFWLFDO
GHYHORSPHQWZDVWKHFUHDWLRQRIDVXPPHUVFKRROSURJUDPZKLFKOHGWRFROODERUDWLRQ
)RXU NH\ VXPPHU VFKRROV ZHUH KHOG DW IRXU GLIIHUHQW (XURSHDQ XQLYHUVLWLHV LQ
*HUPDQ\)UDQFH1RUZD\3RODQGDQG$XVWULD7KH
SURMHFWKDVHDUQHGDQDGGLWLRQDOJUDQWWREHFRQWLQXHGWKHUHIRUHWKLV\HDUVXPPHU
VFKRROZDVKHOGRQFHDJDLQDVVHFRQGWXUQLQ*HUPDQ\DQGZLOOEHFRQWLQXHGDV
LWZDVEHIRUH2QHRIWKHDXWKRUVRIWKLVSDSHU³%DKDDHOGLQ0RKDPHG´SDUWLFLSDWHG
LQWKUHHRIWKHVHVXPPHUVFKRROVDFWLQJDVDQDFWLYHSDUWLFLSDQWSUHVHQWLQJKLV3K'
SURMHFWDQGLQWHUDFWLQJZLWKRWKHUH[SHUWVLQWKHVDPH¿HOG7KLVOHGWRDQH[FKDQJH
RIH[SHULHQFHVZKLFKUHVXOWLQJ LQFROODERUDWLRQDQGNQRZOHGJH$FHQWUDOJRDORI
WKHVXPPHUVFKRROSURJUDPLVWROHDGFROODERUDWLRQE\RUJDQL]LQJGLIIHUHQWVRFLR
WHFKQLFDOVRFLRUHVHDUFKDQGVRFLRHQWHUWDLQPHQWDFWLYLWLHV
3 Low-level participation on www.edu-tech.eu
7KH PDLQ DLP RI WKH (GXFDWLRQDO 	 7HFKQRORJ\ (	7 SURMHFW LV WR HQKDQFH
GRFWRUDOVWXGHQWV¶UHVHDUFKVNLOOVE\SURYLGLQJGHYHORSHG(PRGXOHVLQWKH¿HOGRI
HGXFDWLRQDO WHFKQRORJ\DQGSURYLGH OHDUQLQJFRQWHQW IRUVWXGHQWVQRW WRHQKDQFH
RQOLQH FROODERUDWLRQ$OWKRXJK DQ LQWHJUDWHG RQOLQH IRUXPZDV XVHG WR SURGXFH
FROODERUDWLRQDPRQJVWXGHQWV WKHSULPDU\XVHRI WKHRQOLQHIRUXPOHGWRQRQXVH
3UHYLRXVO\SDUWLFLSDQWVXVHGWKHRQOLQHIRUXPIRUWKHVROHSXUSRVHRIVRFLDOSUHVHQFH
DQGWRSUHVHQWWKHLURZQSURMHFWVZLWKRXWDQ\VLQJOHDWWHPSWWRFUHDWHFROODERUDWLRQ
DPRQJWKHP,IWKLVZHEVLWHLVWREHFODVVL¿HGDVD/HDUQLQJ'HOLYHU\6\VWHP/'6
WKHQLWDOUHDG\SURYLGHGDQDIIRUGDEOHDQGFRQ¿JXUDEOH/HDUQLQJ'HOLYHU\6\VWHP
/'6XVHGWRGHOLYHUDWUDLQLQJFXUULFXOXPIRUGRFWRUDOVWXGHQWVDQGWRWUDFNUHVXOWV
IURP HYDOXDWLRQ SURFHVV/'6 DUH RQOLQH V\VWHPV WKDW IDFLOLWDWH DFFHVV WR RQOLQH
FRXUVHVWKURXJKDGHGLFDWHGSODWIRUPDQGFROOHFWLYHWRROVWRIDFLOLWDWHV\QFKURQRXV
DQG DV\QFKURQRXV FRPSXWHUPHGLDWHG FRPPXQLFDWLRQ+RZHYHU WKHVH/'6 VWRS
VKRUWRIHQDEOLQJDFWLYHUHDOVFLHQWL¿FFROODERUDWLRQRQOLQHLQWKHVHQVHRISURYLGLQJ
FROODERUDWRU\HQYLURQPHQWV$V)DURRTHWDOUHSRUWVKDULQJUHVRXUFHVVFLHQWL¿F
MRLQWSDSHUGLVFXVVLRQEUDLQVWRUPLQJH[SODLQLQJDQGHODERUDWLQJLQIRUPDWLRQFRXOG
GLUHFWFROODERUDWLRQEHWZHHQSHHUVLQDVFLHQWL¿FFRPPXQLW\DURXQGH[LVWLQJRQOLQH

SODWIRUPDQGFDQOHDGWRWUXO\DFWLYHFROODERUDWLRQDWWHPSWV WKURXJKFROODERUDWLYH
UHVHDUFKHQYLURQPHQWVS7KXVWKLVVWXG\VHHNVWRVXSSRUWDQGLQFUHDVHHGX
WHFKHX¶V/'6WRFUHDWHFROODERUDWLRQRSSRUWXQLWLHVIRUHQKDQFLQJGLVWULEXWHGVFLHQWL¿F
RQOLQHFROODERUDWLRQ
4 Framework of factors of collaborative research work
&ROODERUDWLRQZLOOEHVXSSRUWHGE\WKHSURSRVHG(GX7HFKWHFKQRORJ\DWGLIIHUHQW
OHYHOVIURPWKHLQGLYLGXDO WKURXJKWKHVSDFHRIJURXSDQG¿QDOO\YLDWKHWHUULWRU\
RI VFLHQWL¿F FRQWH[W DQG WKH LQVWLWXWLRQDO DQG FXOWXUDO HQYLURQPHQW 7KHUHIRUH
RXUXQGHUVWDQGLQJRIZKDWRQOLQH FROODERUDWLRQPHDQV LV HVWDEOLVKHG WKURXJK WKH
XQGHUVWDQGLQJRIWKHLQGLYLGXDOJURXSDQGFRQWH[WXDOIDFWRUVEHKLQGFROODERUDWLRQ
DQGZKDWPRWLYDWHVUHVHDUFKHUVWRZRUNWRJHWKHUHIIHFWLYHO\3DWHO3HWWLWW	:LOVRQ
UHSRUWWKDWFROODERUDWLRQFDQEHXQGHUVWRRGLQWHUPVRIWKHLQVWLWXWLRQDOFXOWXUDO
FRQWH[W LQZKLFK UHVHDUFKHUVDUHZRUNLQJ S2Q WKHRWKHUKDQGFROODERUDWLRQ
FDQUHO\RQLQWHUDFWLRQEHWZHHQUHVHDUFKHUV$QLQGLYLGXDO¶VFRJQLWLYHDELOLW\DQG
FRPSHWHQFHPD\ DOVR OHDG WR FROODERUDWLRQ7KHUHIRUH WKLV VWXG\ LQFOXGHV WKHVH
IDFWRUVLQLWVIUDPHZRUN
Time 
Environment 
Group 
Individual 
Figure 1: Factors supporting online collaboration in e-science
,Q RUGHU WR WHVW WKH HIIHFWLYHQHVV RI FROODERUDWLRQ LW LV LPSRUWDQW WR GH¿QHZKDW
FRQVWLWXWHVHIIHFWLYHFROODERUDWLRQ6DUJHQWDQG:DWHUVUHSRUWWKDWFROODERUDWLYH
WHDPFKDUDFWHULVWLFVFROODERUDWLYHHQYLURQPHQWDOFKDUDFWHULVWLFVDQGDFROODERUDWLYH
SURFHVV OHDGWRFROODERUDWLRQS)URPWKLVSHUVSHFWLYHFROODERUDWLRQKDV WKUHH

PDLQRXWFRPHV D REMHFWLYHRXWFRPHVZKLFK UHODWH WRSXEOLFDWLRQV UHSRUWV DQG
SUHVHQWDWLRQVE6XEMHFWLYHRXWFRPHVZKLFKGHDOZLWKFROODERUDWLYHH[SHULHQFHV
VHOIHI¿FDF\DQGVHOIFRQ¿GHQFHF'HDOLQJDQGFRQQHFWLQJZLWKRWKHUFROODERUDWRUV
3DWHO HW DO RXWOLQH VHYHQPDLQ IDFWRUV LQYROYHG LQ FROODERUDWLRQ FRQWH[W
VXSSRUWWDVNVLQWHUDFWLRQSURFHVVWHDPLQGLYLGXDOVDQGRYHUUHDFKLQJIDFWRUVS
7KLVPRGHOZDVGHYHORSHGWRDFWDVDVWDQGDUGIRUSUR¿OLQJFROODERUDWLRQUHDGLQHVV
6HUFHHWDO DQDO\]HFROODERUDWLYHEHKDYLRU WKURXJKRQOLQHFRPPXQLFDWLRQ
S7KHUHVXOWVVKRZWKDWFRPPXQLFDWLRQSDWWHUQVDUHUHODWHGWR WKHPRGHRI
FRPPXQLFDWLRQWKHUHDOOLIHDSSOLFDWLRQRIWKHWDVNDQGOHDGHUVKLS(IIHFWLYHRQOLQH
FROODERUDWLRQ LV PRUH HIIHFW GXULQJ DV\QFKURQRXV FRPPXQLFDWLRQ 8VLQJ WKHVH
HPSLULFDO ZRUNV DV D VWDUWLQJ SRLQW WKLV VWXG\ DLPV WR RXWOLQH IDFWRUV DIIHFWLQJ
FROODERUDWLRQDQGWKHQDWXUHRIWKHFROODERUDWLRQSURFHVVLQHVFLHQFH
$FFRUGLQJO\ WKHIROORZLQJTXHVWLRQHPHUJHG:K\GRVRFLDOVFLHQFHUHVHDUFKHUV
SULPDULO\ LQ WKH¿HOGRIHGXFDWLRQDO WHFKQRORJ\ FRRSHUDWHDW WKH OHYHOV WKH\GR"
6NDWRYDDQG)HUJXVRQ  DQVZHU D VLPLODUTXHVWLRQ WKH\SUHVHQW DGLIIHUHQW
DVSHFWVDQGSHUVSHFWLYHVE\KLJKOLJKWLQJWKDWFROODERUDWLRQH[KLELWVVWULNLQJO\GLIIHUHQW
SURSHUWLHVDVDUHVXOWRIGLIIHUHQWUHVRXUFHVDQGOHYHOVRIGLVFLSOLQHS)XUWKHUPRUH
FROODERUDWLRQUHODWHVWRELRORJLFDOSV\FKRORJLFDODQGHFRQRPLFEDFNJURXQGV7KXV
6NDWRYDDQG)HUJXVRQ UHSRUW WKDW UHZDUGDQGSXQLVKPHQW UHODWH WRKXPDQ
EHKDYLRUDQGFROODERUDWLRQS$FFRUGLQJO\FROODERUDWLRQFDQHLWKHUEHDPDWWHURI
IHHGEDFNDQGLQWHUGHSHQGHQFHRUDGLUHFWUHVXOWRIWKHFRQWH[WLQZKLFKLWWDNHVSODFH
7KHVHTXHVWLRQVZLOOEHDQVZHUHGLQWKHIROORZLQJFRQFHSWXDOIUDPHZRUNLQRUGHUWR
WHVWWRZKDWH[WHQWWKHIDFWRUVRILQGLYLGXDOVJURXSHQYLURQPHQWDQGWHFKQRORJ\WKDW
FRQWULEXWHWRWKHFROODERUDWLRQSURFHVVLQVFLHQWL¿FDQGDFDGHPLFUHVHDUFK
5 Hypothesis
7KHNH\LVVXHRI WKHFXUUHQWVWXG\LVZKHWKHUDQGLIVR LQZKDWZD\VDFDGHPLF
IDFXOW\PHPEHUVDQGGRFWRUDOFDQGLGDWHVZRXOGFROODERUDWRUVDQGXQGHUZKLFKRQOLQH
FROODERUDWLYHSDWWHUQVWKLVZRXOGRFFXU7XUHODQG=KDQJ¶VFRQFHSW7HFKQRORJ\
$FFHSWDQFHE\*URXS7$*DWWHPSWVWRRXWOLQHWKHIDFWRUVWKDWFRQWULEXWHVWRWKH
JURXS¶V DFFHSWDQFH RI WHFKQRORJ\ S7HFKQRORJ\$FFHSWDQFH0RGHO 7$0
'DYLVLVPRVWIUHTXHQWO\XVHGLQSULRUVWXGLHVDUJXLQJWKDWWHFKQRORJ\XVDJH
LVFRQWUROOHGE\SHUVRQDOEHKDYLRUVZKLFKDUHLQÀXHQFHGE\HDVHRIXVHDQGSHUFHLYHG
XVHIXOQHVV7KHVHIDFWRUVFRXOGSRWHQWLDOO\SUHGLFWXVHUDWWLWXGHDQGV\VWHPXVDJH
7HFKQRORJ\FRXOGLQÀXHQFHWKHFRQWH[WRIRUJDQL]DWLRQDQGIDFLOLWDWHFRPPXQLFDWLRQ
DPRQJFROOHDJXHVDQGHPSOR\HUV LQ WKHRUJDQL]DWLRQ %RRQH	*DQHVKDQ
S

H1:7HFKQRORJ\XVHKDVDGLUHFWHIIHFWRQLQGLYLGXDOFKDUDFWHULVWLFVWKDWHQFRXUDJH
DFDGHPLFFROODERUDWLRQ
H2:7HFKQRORJ\XVHKDVDGLUHFWHIIHFWRQJURXSLQWHUDFWLRQWKDWHQFRXUDJHVDFDGHPLF
FROODERUDWLRQ
H3:7HFKQRORJ\XVHKDVDGLUHFWHIIHFWRQHQYLURQPHQWDOFRQFHUQVWKDWHQFRXUDJH
DFDGHPLFFROODERUDWLRQ
6NDWRYD DQG )HUJXVRQ  IRXQG WKDW SHRSOH ZRXOG FROODERUDWH ZKHQ RWKHUV
VWDUWWRFRQWULEXWHDKLJKSURSRUWLRQRIWKHLQLWLDOGRQDWLRQS7KH\DOVRUHSRUW
WKDW WKHH[SHFWDWLRQRIKXPDQFRRSHUDWLYHEHKDYLRUFRXOGEHLQWHUSUHWHGWKURXJK
UHLQIRUFHPHQW VHQVLWLYLW\ WKHRU\ 5677KXV LW LVSRVVLEOH WKDW LQFHQWLYHV FRXOG
HQFRXUDJHDQLQGLYLGXDOWRFROODERUDWH7KLVUHODWHVWRWKHSXEOLFJRRGVJDPHWKHRU\
ZKLFKGHVFULEHVSURVRFLDODQGVHO¿VKDFWLRQV,QGLYLGXDOFRQWULEXWLRQLQFUHDVHVDV
KHVKHEHQH¿WVIURPWKHFRQWULEXWLRQRIRWKHUVEXWQRWHYHU\LQGLYLGXDOLVVXUHWKDW
RWKHUVZLOODOVRFRQWULEXWH6NDWRYD	)HUJXVRQS7KLVWKHRU\SURYLGHV
XQGHUVWDQGLQJDERXWWKHLQÀXHQFHRIJURXSSUHVVXUHUHSXWDWLRQEXLOGLQJDQGWKHULVN
RISXQLVKPHQWRQHQFRXUDJLQJDFDGHPLFFROODERUDWLRQ
H4: ,QGLYLGXDOFRQFHUQKDVDGLUHFWHIIHFWRQJURXSFRQFHUQHQFRXUDJLQJDFDGHPLF
FROODERUDWLRQ
H5: ,QGLYLGXDO FRQFHUQ KDV D GLUHFW HIIHFW RQ WKH HQYLURQPHQW DQG FRQWH[W RI
RUJDQL]DWLRQVKDSLQJDFDGHPLFFROODERUDWLRQ
H6: ,QGLYLGXDOFRQFHUQKDVDGLUHFWHIIHFWHQFRXUDJLQJDFDGHPLFFROODERUDWLRQ
*URXSFRQFHUQLQRXUJURXSLVPRUHWKDQDJURXSFRQFHSW LW LQFOXGHVWKHFRQFHSW
RIEXLOGLQJUHODWLRQVKLSVVKDULQJDZDUHQHVVVKDSLQJWKHUROHDQGGHYHORSLQJWKH
WHDP3DWHOHWDOS%RGHPHUDQG'HKOHUSURYLGHWKHFRQFHSWRI
JURXSDZDUHQHVVLQFRQWULEXWLRQVWRFROODERUDWLRQUHSRUWLQJWKUHHW\SHVRIFRQFHUQV
EHKDYLRUDODZDUHQHVVFRJQLWLYHDQGVRFLDODZDUHQHVVS7KHVHWKUHHFRQFHSWV
FRQWULEXWH WRDQHZXQGHUVWDQGLQJDQGEHLQJLQIRUPHGDERXWJURXSEHKDYLRUZLOO
IDFLOLWDWHXQGHUVWDQGLQJDERXWFROODERUDWLRQDPRQJVWXGHQWJURXS
H7:*URXSFRQFHUQKDVDGLUHFWHIIHFWRQDFDGHPLFFROODERUDWLRQ

7KHQDWXUHV RI WKH WDVN RUJDQL]DWLRQV¶ SROLF\ VWDWHPHQW RULHQWDWLRQ DQG WKH W\SH
RIVXSSRUWHGWHFKQRORJ\SOD\DUROHLQVKDSLQJFRPPXQLFDWLRQSDWWHUQVZKLFKDUH
UHODWHGWRWKHPRGHRIFRPPXQLFDWLRQ6HUFHHWDOS3DZDQDQG2UWORII
LQYHVWLJDWHLQÀXHQFHVUHODWLQJWRWKHW\SHRIDFWLYLWLHVWKDWOHDGWRVXFFHVVIXO
FROODERUDWLRQ S7KH\ DOVR GH¿QH WKH IDFWRUV WKDW FRQWULEXWH WR VXVWDLQDEOH
FROODERUDWLRQ EHWZHHQ WHDFKHUV PDLQO\ FRQÀLFW WHQVLRQ DQG RSSRUWXQLWLHV 7KH
IDFWRUVRI WDVNSHUIRUPDQFHJURXSIXQFWLRQLQJVRFLDOVXSSRUWDQGHQYLURQPHQWDO
FRQWH[WXDOVXSSRUWZHUHLQYHVWLJDWHGE\'DUDGRXPLV0RQHVDQG;KDIDDV
HQYLURQPHQWDOIDFWRUVEHKLQGRQOLQHFROODERUDWLYHLQWHUDFWLRQ
H8: (QYLURQPHQWDO FRQFHUQ KDV D GLUHFW HIIHFW RQ JURXS FRQFHUQ IRU DFDGHPLF
FROODERUDWLRQ
H9: (QYLURQPHQWDOFRQFHUQKDVDGLUHFWHIIHFWRQDFDGHPLFFROODERUDWLRQ
6 Method
6.1 Data collection and respondents 
3DUWLFLSDQWV FRPSULVH  LQWHUQDWLRQDO GRFWRUDO VWXGHQWVZKR SDUWLFLSDWHG LQ WKH
(GXFDWLRQ	7HFKQRORJ\(XURSHDQSURMHFWVXPPHUVFKRROV7KH\ZHUHVWXG\LQJLQ
GLIIHUHQW(XURSHDQFRXQWULHV*HUPDQ\1RUZD\)UDQFH$XVWULDDQG3RODQG
*HUPDQ\3RODQG)UDQFH$XVWULDDQG1RUZD\7KHLU
FRXQWULHVRIRULJLQLQFOXGH&KLOL&KLQD(J\SW6XGDQ6\ULDDQG1LJHULD3DUWLFLSDQWV
ZHUHGUDZQIURPGLIIHUHQWGHSDUWPHQWVSULPDULO\HGXFDWLRQDOWHFKQRORJ\'DWDZHUH
FROOHFWHGEHWZHHQDQG$TXHVWLRQQDLUHZDV DGPLQLVWHUHG
XVLQJ RQOLQH VRIWZDUH DQG GDWD KDV EHHQ FROOHFWHG RQOLQH IURPSDUWLFLSDQWV7KH
GDWDFROOHFWLRQSURFHVVH[SHULHQFHGGLI¿FXOWLHVSURYRNLQJSDUWLFLSDQWV¶SDUWLFLSDWLRQ
YLDGLVWDQFH7KHUHIRUHLWZDVQHFHVVDU\WRVHQGPRUHWKDQRQHHPDLOUHPLQGHUWR
FRQYLQFHPHPEHUVRI WKHJURXSWRSDUWLFLSDWH7KHVWDWLVWLFVIRU WKHRQOLQHVXUYH\
PDQDJHPHQWV\VWHPSUHVHQWWKDWWRWDOQXPEHUVRISDUWLFLSDQWVZHUHQ DQGWKH
QXPEHURIFRPSOHWHGVXUYH\VZDVQ 6RPHUHVSRQGHQWVVNLSSHGRQHRUPRUH
TXHVWLRQV LQFRPSOHWHDQVZHUVZHUHHOLPLQDWHG7KH¿QDOQXPEHURISDUWLFLSDQWV
UHSUHVHQWVRIWKHJURXS2XUVDPSOHZDVEDODQFHGZLWKUHJDUGWRJHQGHUDW
DUDWHRIPDOHDQGIHPDOH
6.2 Measures of academic collaboration
:HFRQFHSWXDOL]HFROODERUDWLRQLQWHUPVRI¿YHGLPHQVLRQVDWKHWLPHGLPHQVLRQ
LWHPVWKDWFRQFHUQVVRPHDVSHFWVDUHHLWKHULQFUHDVLQJRUGHFUHDVLQJRYHUWLPHOLNHO\
WUXVWFRQÀLFWDQGH[SHULHQFHVEFRQWH[WXDOGLPHQVLRQLWHPVWKDW LQYHVWLJDWH
WKHLQÀXHQFHRIFXOWXUH WKHQDWXUHRI WKHWDVNDQGVXSSRUWHGWHFKQRORJLHVF WKH

LQGLYLGXDO IDFWRU  LWHPV SUHVHQWV WKH FRJQLWLYH DQG SV\FKRORJLFDO DVSHFWV WKDW
FRQWUROWKHSURFHVVRIEHLQJDFROODERUDWRUGJURXSIDFWRULWHPVZKLFKFRQFHUQ
JURXSDZDUHQHVVDQGEXLOGLQJWHDPFRQFHSWVDQGHWHFKQRORJ\XVHDQGWHFKQRORJ\
DGRSWLRQSURFHVVDPRQJUHVHDUFKHUVDQGGRFWRUDOFDQGLGDWHVLWHPV7KLVVWXG\
LQYHVWLJDWHVWKHH[WHQWWRZKLFKWKHVHIDFWRUVHQFRXUDJHDFDGHPLFFROODERUDWLRQDQG
ZKHWKHUWKHVHLWHPVZHUHSUHVHQWGXULQJFROODERUDWLRQ:RUNLQJRQWKHVDPHSURMHFW
DWWKHVDPHLQVWLWXWHZDVH[FOXGHGDQGGRHVQRWFRXQWDVUHVHDUFKFROODERUDWLRQ
3DUWLFLSDQWVZHUHDVNHGWRLGHQWLI\WKHLUSUHIHUUHGPHWKRGRILQWHUDFWLRQIRUUHVHDUFK
EDVHGUHODWLRQVKLSV7KLVLQFOXGHGWKHKXPDQIDFWRUVLGHQWL¿HGDERYHWKHLUSUHIHUUHG
FROODERUDWLRQSDUWQHUWKHW\SHRIDFWLYLWLHVWKH\ZRXOGGHDOZLWKDFWLYLWLHVWKH\ZRXOG
OLNHWREHLQYROYHGLQWKHLUSUHIHUUHGDSSOLFDWLRQDQGKRZWKH\LPDJLQHWKHIXWXUHRI
RXUZHEEDVHGUHVHDUFKSRUWDO7KHTXHVWLRQVZHUHSUHGRPLQDQWO\DPL[HGVHOHFWLRQ
DPRQJSUHGH¿QHGFDWHJRULHVDQGOLNHUWVFDOHVRI³VWURQJO\GLVDJUHH´WR³VWURQJO\
DJUHH´
6.3 Data Analysis
$QDO\VLVRI WKLVTXDQWLWDWLYHGDWDZDVSHUIRUPHGXVLQJERWK WKHVWDWLVWLFDOSDFNDJH
6366DQG3DUWLDO/HDVW6TXDUHV 3/6 WHFKQLTXH LQRUGHU WRGHYHORSRXUPRGHORI
FROODERUDWLRQ$YDULHW\RIVWDWLVWLFDODQDO\VHVZHUHSHUIRUPHGFRQFHUQLQJPHDVXUH
HOLJLELOLW\DQG WKHUHJUHVVLRQ$VZH LQFOXGHGPXOWLSDUWTXHVWLRQV LQ WKHVXUYH\ LW
ZDVLPSRUWDQWWRFKHFNWKHYDOLGLW\DQGUHOLDELOLW\RIWKHVFDOHWKDWLVWRPDNHVXUHDOO
WKHLWHPVLQWKHTXHVWLRQZHUHPHDVXULQJWKHVDPHXQGHUO\LQJFRQVWUXFW)RUWKH3/6
WHFKQLTXHIRUDGDSWLYHGDWDPRGHOLQJWKHTXDOLW\FULWHULDRI$9(ZHUHDOPRVWHTXDO
WR¿YHDQGFRPSRVLWHUHOLDELOLW\HTXDODQGJUHDWHUWKDQ7KXVWKHDFFHSWHGOHYHORI
YDOLGLW\DQGUHOLDELOLW\LQRXUVFDOHZHUHJXDUDQWHHG
7 Results
7.1 Demographic data
2I WKH UHVSRQVHV ZH UHFHLYHG SDUWLFLSDQWV EDFNJURXQGV YDULHG &RQFHUQLQJ D
DFDGHPLFGHJUHHV Q DUHSURIHVVRUVKDYHDEDFKHORUGHJUHH LQHGXFDWLRQ
Q   KDYH D0DVWHU GHJUHH Q  DQG KDYH D GRFWRUDO
GHJUHHQ 7KHVDPSOHDVDZKROHZDVUHODWLYHO\KLJKO\HGXFDWHG:LWKUHJDUGWRE
JHQGHU0DOHVQ RXWQXPEHUHGIHPDOHV7KH¿HOGRIVWXG\DOVRYDULHGF
DQGVSHFLDOL]DWLRQVLQFOXGHGHGXFDWLRQDOWHFKQRORJ\FRPSXWHUVFLHQFHVRFLDOVFLHQFH
HFRQRPLFV FRPPXQLFDWLRQDQGSV\FKRORJ\([SHULHQFH UDQJH IURP WR\HDUV
3DUWLFLSDQWVGDJHVUDQJHGIURPWR\HDUVRIDJH

7KHUHVXOWVRIWKHVXUYH\DUHSUHVHQWHGLQWZRPDLQFDWHJRULHVLQGLFDWLQJWKDWGXULQJ
RXULQYHVWLJDWLRQWKHIROORZLQJOHGWRFROODERUDWLRQDQVZHUVWRRXUTXHVWLRQQDLUH
ZKLFKUHODWHGWRKXPDQWDVNDQGWHFKQRORJ\FRQFHUQVDQGGHVFULEHLQGHWDLORXU
SURSRVHGFROODERUDWLRQPRGHO
7.2 The nature of communication, task and technology
:HZDQWHGWRXQGHUVWDQGZLWKZKRP(GXFDWLRQ	7HFKQRORJ\ZHEVLWHXVHUVZRXOG
FROODERUDWHRQOLQH5HVHDUFKHUVZHUHDVNHGWRVHOHFWWKHLUSUHIHUUHGSDUWQHUZKRWKH\
ZRXOGOLNHWRYLUWXDOO\LQWHUDFWZLWKRQRXUSURMHFWZHEVLWH7KHUHVXOWVSUHVHQWWKDWWKHUH
DUHWZRLWHPVUDWHGUHODWLYHO\KLJKHUWKDQ7KHVHLWHPVZHUH³ZKRLVORRNLQJIRU
VLPLODUW\SHVRISDSHUVDV,DP´DQG³ZKRVHSDSHUV,KDYHUHDG´2Q
WKHRWKHUKDQGLWLVLQWHUHVWLQJWRQRWHWKDWUHVXOWVLQGLFDWHWKDWWKHUDWHRIZDV
UHSRUWHGIRUWKHLWHP³ZRUNLQJLQGLYLGXDOO\RQP\UHVHDUFK´7KHORZHVWUDWHGLWHP
ZDV³ZKRFLWHVP\SDSHUV´
,WVHHPVUHODWLYHO\FOHDUWKDWZRUNLQJLQGLYLGXDOO\LQUHVHDUFKLVQRORQJHUDFFHSWHG
LQWKHWLPHRIVRFLDOQHWZRUNLQJDQGVRFLDOUHYROXWLRQDQGDFFRUGLQJO\LWLVLPSRUWDQW
WRQRWHWKHH[WHQWWKDWHUHVHDUFKVWXGLHVGULYHVNQRZOHGJHDGYDQFHPHQW0H\HU	
6FKURHGHU  S 7KHVH UHVXOWV LQGLFDWH WKH LPSRUWDQFH RI LQFHQWLYHV IRU
DFDGHPLFFROODERUDWLRQDVUHSRUWHGLQWKHOLWHUDWXUHUHYLHZ3DWHOHWDOS
6NDWRYD	)HUJXVRQS
:LWKUHJDUGWRSUHIHUDEOHVFLHQWL¿FWDVNVWKHLWHPVRIµUHSUHVHQWDWLRQRIVHOI¶
DQGµSHUVRQDOUHFRUGNHHSLQJ¶UDWHGUHODWLYHO\ORZ7KLVVWXG\WUHDWHGWKH
LWHPV ZKLFK KDYH EHHQ TXRWHG RYHU  DV DFFRXQWHG LWHPV$FFRUGLQJO\ WKH
LWHPV µEUDLQVWRUP QHZ LGHDV¶  ¶SODQ MRLQW SURMHFW¶  ¶JLYLQJ DQG
UHFHLYLQJKHOS¶¶H[FKDQJHUHVRXUFHVDQGLQIRUPDWLRQ¶¶HODERUDWLQJ
LQIRUPDWLRQ¶µVKDULQJNQRZOHGJH¶µIHHGEDFN¶&RQFHUQLQJ
DFFHVVWRLQIRUPDWLRQ WKHUHVXOWV LQGLFDWHGWKDWOLNHWREHLQIRUPHGZKHQ
µUHFHQWSDSHUVSXEOLVKHGLQP\DUHD¶DQGDERXWµQHZFROOHDJXHVZKRDUHZRUNLQJLQ
P\DUHD¶
7KHUHVXOWVUHIHU WRDFDGHPLFFROODERUDWLRQUDWKHUWKDQLQGLYLGXDOSHUIRUPDQFHDV
RXUVWXG\DWWHPSWVWRSURYLGHDQXQGHUVWDQGLQJDERXWPHWKRGVDQGSURFHVVHVZKLFK
FRXOGSODXVLEO\HQKDQFHDFDGHPLFFROODERUDWLRQ7KHPHWKRGVFRQFHUQEUDLQVWRUPLQJ
H[FKDQJLQJHODERUDWLQJDQGVKDULQJ LQIRUPDWLRQDQGNQRZOHGJH ,QRWKHUZRUGV
WKH SURFHVV VKRXOG LPSOHPHQW VFLHQWL¿F FROODERUDWLRQ ZKLFK PD\ UHIHU WR WKH
FRQFHSWXDOL]DWLRQRIMRLQWSURMHFWVDQGSUHVHQWWKHSRVVLELOLW\WRZULWHDMRLQWSDSHU

&RQFHUQLQJWKHXVHRI WHFKQRORJ\DQGKRZUHVHDUFKHUZRXOGOLNHWREHLQIRUPHG
RIWKHUHVHDUFKHUVFRQFHUQVLQGLFDWHGWKDWWKH\MXVWZDQWWREHLQIRUPHGUHJDUGOHVV
RIWKHWRROVWKDWDUHXVHGDQGWKHSULPDULO\UDWHGWKHQHHGWREHLQIRUPHGDWDKLJK
OHYHOZLWK566DQG+27723,&6EHLQJGLVFXVVHGLQWKHIRUXPDQGPDLOLQJOLVW
$GGLWLRQDOO\ WKH\ZLVK WR HQVXUH WKDW FRRSHUDWLYHRQOLQH WRROV DUHXVHG WRGULYH
FROODERUDWLRQDQGLQWHUDFWLRQDQGEUDLQVWRUPLQJSURFHVVHV,QWHUHVWLQJO\RI
RXUSDUWLFLSDQWVUDWHGGLJLWDOOLEUDU\VHDUFKHQJLQHDVDQH[SHFWHGIXWXUHIXQFWLRQRI
RXUSURMHFWZHEVLWHDQGSUHIHU WKDW WKHZHEVLWHEHGHYHORSHGDVDK\EULG
SRUWDOIRUGLIIHUHQWNLQGRIDFDGHPLFVHUYLFHV
7KH UHVXOWV LQ WKLV EUDQFK SRVH D SDUDGR[ EHWZHHQ UHFRPPHQGLQJ FROODERUDWLRQ
DQG WKH GHVLUH IRU D GLJLWDO OLEUDU\ RQO\ WKH VFLHQWL¿F SRUWDO¶V IXWXUH GLUHFWLRQ
7KHGLVFUHSDQF\UHVXOWHGIURPDODFNRILQFHQWLYHVRUDQXQFOHDUXQGHUVWDQGLQJRI
RUJDQL]HGVFLHQWL¿FFROODERUDWLRQ,I WKHZHEVLWH¶VSULPDU\XVHZDVVKLIWHGWRZDUG
HQFRXUDJLQJFROODERUDWLRQWKLVFKDQJHFRXOGHQFRXUDJHSDUWLFLSDQWVWRWKLQNDERXW
RWKHUXVHIXOZD\IRUXVLQJWKHZHEVLWHLQRUGHUWRFUHDWHDXVHIXOFROODERUDWLRQSRUWDO
)DURRTHWDOS
&RQFHUQLQJWKHVDWLVIDFWLRQIXQFWLRQRIWKH(	7ZHEVLWHUHSRUWWKDWWKH\
RIWHQXVLQJRXU(PRGXOHVZKLOHDWWKHVDPHWLPHEHOLHYHWKDWRXURQOLQH
GLVFXVVLRQIRUXPLVDQDGHTXDWHWRROWROHGHFROODERUDWLRQFRQFHUQLQJWKHUHDOLW\RI
VFLHQWL¿FWDVNV+RZHYHUUHSRUWWKDWWKH\ZRXOGOLNHWRXVHWKHZHEVLWHLQWKH
IXWXUH:LWKUHIHUHQFHWRKRZRXUZHEVLWHFRPSDUHVWRQRUPDOOHDUQLQJPDQDJHPHQW
V\VWHP/06ZKLFKLVXVHGE\SDUWLFLSDQWVWRIROORZWKHLUFXUUHQWFRXUVHV
DFFHSWWKDW/06LVDQDGHTXDWHWRROIRUGHDOLQJZLWKWKHLUUHVHDUFKDFWLYLWLHV
DFFHSW WKH LGHD WKDW HPDLO DQGDQ LQIRUPDWLYHZHEVLWH DUHDGHTXDWH IRU UHVHDUFK
SUDFWLFHV2YHUDOOWKHUHVXOWVLQGLFDWHWKDWUHVHDUFKHUVORRNIRUZDUGWRZDUGDGUHDP
WRRO WKDWFRXOGFRRUGLQDWH UHVHDUFKDFWLYLWLHVZLWKDSURSHUDGHTXDWH IXQFWLRQ IRU
VFLHQWL¿FDFWLYLWLHV
7.3 Results of the measurement model
%HIRUHDQDO\]LQJWKLVPRGHOLWVUHOLDELOLW\ZDVPHDVXUHG&URQEDFK¶VDOSKDH[FHHGHG
WKH UHTXLUHG WKUHVKROGRI IRUDOO LWHPV LPSO\LQJKLJK LQWHUQDO FRQVLVWHQF\RI
WKHVFDOHV&URQEDFKFLWHGE\6HUHQNRS2XUPRGHOZDVWHVWHG
XVLQJVPDUW3/6YHUVLRQ5LQJOHHWDOS3/63DUWLDO/HDVW6TXDUHV
LV³WKHVHFRQGJHQHUDWLRQVWUXFWXUDOHTXDWLRQPRGHOLQJWHFKQLTXHWKDWDVVHVVHVERWK
WKHPHDVXUHPHQWDQGVWUXFWXUDOPRGHOLQDVLQJOHUXQ´6HUHQNRS7KLV
WHFKQLTXHZDVFKRVHQIRU WZRUHDVRQV¿UVW LW LV WKHSURSHU WHFKQLTXHIRUVPDOOHU
VDPSOHVL]HVDQGVHFRQGLWHOLPLQDWHVUHVWULFWLRQRQGDWDGLVWULEXWLRQOLNHQRUPDOLW\
6HUHQNRS

,QRUGHUWRVXEPLWDQDFFHSWHGOHYHORIHOLJLELOLW\IRUWKHTXHVWLRQQDLUHVRPHLWHPV
DUHUHPRYHGZKLFKGRQRWKDYHVXI¿FLHQWZHLJKWYLVjYLVWKHLUPDLQIDFWRULWHPV
7,0B7,0B&2/B&2/B*52B DQG7(&BZLWK ORDGLQJ EHORZ WKH
VHOHFWHGWKUHVKROGRIZHUHGURSSHGWRHQVXUHFRQVWUXFWYDOLGLW\2QFHWKHVHLWHPV
ZHUHUHPRYHGWKHPRGHOZDVUHHVWLPDWHG
7RHYDOXDWHWKHGLVFULPLQDWHYDOLGLW\RIPHDVXUHVDPDWUL[RIORDGLQJVDQGWYDOXHV
ZDVFRQVWUXFWHG$GGLWLRQDOO\WKHSURFHVVRIUHPRYLQJORZHUORDGLQJYDOXHVLWHPV
DQGUHGLVWULEXWLQJWKHLWHPVRIWKH¿UVWIDFWRURIRXUTXHVWLRQQDLUH³7LPHIDFWRU´
WRRWKHUIDFWRUVDQGODWHUGHOHWLQJWKLVWLPHIDFWRUFRPSOHWHO\EHFDXVHLWKDVORZHU
YDOLGLW\WKDQRWKHUPHDVXUHGIDFWRUV7KHUHIRUHDOOLWHPVDUHUHFDWHJRUL]HGXQGHUWKH
SURSHUFDWHJRU\ZKHUHLWPDNHVKLJKHUVLJQL¿FDQWWKDQRWKHUVDQGLWZDVFRQFOXGHG
WKDWGLVFULPLQDWHYDOLGLW\RIWKHPHDVXUHZDVDGHTXDWH)XUWKHUPRUHWKHPHDVXUHRI
FRQYHUJHQWYDOLGLW\ZDVDQWLFLSDWHGE\DVVHVVPHQWRIWKHWWHVWLQWKHLWHPORDGLQJ
'DWDSUHVHQWVWKDWWKHLQVSHFWLRQUHYHDOHGWKDWDOOWYDOXHVZHUHVLJQL¿FDQWDWWKH
OHYHO7KLVLV WKHHYLGHQFHWKDWDOO LQGLFDWRUVHIIHFWLYHO\PHDVXUHGWKHLUUHVSHFWLYH
FRQVWUXFWV
$FFRUGLQJ WR WKH UHVXOWV VHYHQ RXW RI QLQH K\SRWKHVHVZHUH VXSSRUWHG DQG WZR
ZHUH UHMHFWHG'DWD VXPPDUL]HV WKH YDOLGDWLRQRI WKH K\SRWKHVHV$V VXFKPRVW
UHODWLRQVKLSVZHUHVXSSRUWHG,QRUGHUWRSUHVHQW WKHLQVLJQL¿FDQFHRI WKHUHMHFWHG
OLQNDJHV 7HFKQRORJ\HQYLURQPHQW DQG (QYLURQPHQWFROODERUDWLRQ OLQNV ZHUH
UHPRYHGDQGWKHPRGHOZDVUHHVWLPDWHG
7.4 Structured model 
,QRUGHUWRDVVHVVWKHVWUXFWXUHPRGHODERRWVWUDSSLQJWHFKQLTXHZDVDSSOLHG&KLQ
*HIHQHWDOSFLWHGE\7VHOLRVHWDO7KHH[DPLQDWLRQRI
WYDOXHVZDVEDVHGRQWDLO WHVWZLWKVWDWLVWLFDOO\VLJQL¿FDQW OHYHOVRIS
S  DQG S  5HVXOWV DUH SUHVHQWHG LQ )LJXUH 'RWWHG OLQHV
KLJKOLJKWWKHLQVLJQL¿FDQWSDWKV
,Q SDUWLFXODU WKH RXWFRPHV RI WKH VWUXFWXUDO PRGHO LQ WHUPV RI GLUHFW HIIHFWV
ERRWVWUDSSLQJ DQG WVWDWLVWLFV FRQ¿UPHG WKH PDMRULW\ RI K\SRWKHVHV DW YDULRXV
VLJQL¿FDQFHOHYHOV)LJXUH6SHFL¿FDOO\³7HFKQRORJ\´LVDVVRFLDWHGZLWKDYHU\
VWURQJVLJQL¿FDQWUHODWLRQVKLSZLWK³,QGLYLGXDOV´+DWȕ SOHYHODQG
VLJQL¿FDQWUHODWLRQZLWK³*URXS´+DWȕ SOHYHO+GLGQRWFRQ¿UP
WKHUHODWLRQEHWZHHQ³7HFKQRORJ\´DQG³(QYLURQPHQW´$GGLWLRQDOO\WKHUHODWLRQVKLS
+EHWZHHQ³,QGLYLGXDOV´DQGVKDSLQJ³&ROODERUDWLRQ´DORQJZLWKWKHUHODWLRQVKLS
+ RI ³(QYLURQPHQW´ DQG WKH UHODWLRQVKLS ZLWK + ³*URXS´ ZLWK UHJDUG WR
VKDSLQJ DFDGHPLF ³&ROODERUDWLRQ´ ZHUH DOVR FRQ¿UPHG ZLWK KLJK VLJQL¿FDQFH

ȕ    ȕ    ȕ    ȕ    S 0RUHRYHU WKH ³*URXS´
LQ UHODWLRQ WR DFDGHPLF FROODERUDWLRQ KDV D VLJQLILFDQW UHODWLRQVKLS
+DWȕ S)LQDOO\WKHUHODWLRQVKLSEHWZHHQ³(QYLURQPHQW´DQG³*URXS´
+KDVKLJKVLJQL¿FDQFHȕ S2QWKHRWKHUKDQGWKHUHODWLRQVKLS
EHWZHHQ³(QYLURQPHQW´DQGVKDSLQJDFDGHPLF³&ROODERUDWLRQ´+ZHUHXQUHODWHG
LQWKHFRQWH[WRIVKDSLQJDFDGHPLFFROODERUDWLRQ
)LJXUH7KHVWUXFWXUHPRGHO3/6ERRWVWUDSSLQJVLJQL¿FDQWDWOHYHO 
VLJQL¿FDQWDWOHYHOVLJQL¿FDQWDWOHYHO
8 Discussion
:H FRQFHSWXDOL]HG DQG YDOLGDWHG RXU SURSRVHG IUDPHZRUN IRU XQGHUVWDQGLQJ
DFDGHPLFFROODERUDWLRQDPRQJUHVHDUFKHUVXVLQJHOHFWURQLFFROODERUDWLRQVHWWLQJV
OLQNLQJWHFKQRORJLFDOLQGLYLGXDOFRQWH[WDQGJURXSWHDPLQWHUDFWLRQDVWKH\UHODWH
WRFROODERUDWLRQ2XUVWXG\IXUWKHUFRYHUVLPSRUWDQWDVSHFWVEHKLQGFRQWULEXWLRQDQG
VXSSRUWIRUFROODERUDWLRQLQHUHVHDUFKDVDFDVHVWXG\RI(GXFDWLRQDO	7HFKQRORJ\
(XURSHDQSURMHFW

2YHUDOORXUXQGHUVWDQGLQJIRUDFDGHPLFFROODERUDWLRQRULJLQDWHVIURPWHFKQRORJ\
DFFHSWDQFH ZKLFK LV PHGLDWHG E\ LQGLYLGXDO QHHGV JURXS LQWHUDFWLRQ DQG
HQYLURQPHQWVXSSRUWDQG OHDGV WRDFDGHPLFFROODERUDWLRQ LQHVFLHQFH7KLVYLHZ
LVFRQVLVWHQWZLWKWKHYLHZRI0H\HU	6FKURHGHUWKDWHUHVHDUFKUHYROYHV
DURXQGWRROGHYHORSPHQWDQGKRZDFDGHPLFFRPPXQLFDWLRQDVDV\VWHPKDVEHFRPH
DNH\FRPSRQHQWRIEXLOGLQJFUHDWLQJVKDULQJDQGFROODERUDWLQJDV LWSHUWDLQV WR
NQRZOHGJHS6XFKDQXQGHUVWDQGLQJOHDGVWRWKHVRFLRWHFKQLFDOFRPSRQHQWV
RIHUHVHDUFKZKLFKHQFRPSDVVHVLQIUDVWUXFWXUHUHVRXUFHVDQGWRROV2QWKHRWKHU
KDQG WUXVW DQGSULYDF\ DUH WZR IDFWRUV WKDW FDQKLQGHUGLVWULEXWHG FROODERUDWLRQ
7KHUHIRUHFROODERUDWLRQFDQQRWEHHDVLO\FUHDWHGYLDDQLQWHUQHWVLWH)DURRTHWDO
S7KLVFRXOGEHLQWHUSUHWHGDVDODFNRIPRWLYDWLRQZKLFKLVNQRZQDV
VRFLDOORD¿QJ7XUHO	=KDQJSRUWKHPDWWHURIEHLQJFDUHIXOYLVjYLV
OHJDOLQWHOOHFWXDOSURSHUW\LVVXHVRUHVFDSLQJIURPSHHUSUHVVXUHZKLFKLVNQRZQDV
WKHEHKDYLRURIOXUNHUVDQGGHIHFWRUVLQRQOLQHFROODERUDWLRQ6NDWRYD	)HUJXVRQ
 S:DQJ S:H WKLQN WKDW WKH 7HFKQRORJ\$FFHSWDQFH0RGHO
7$0DQGD7HFKQRORJ\$FFHSWDQFHE\*URXS7$*7XUHO	=KDQJS
FRXOGRIIDVROXWLRQIRUWKHLVVXHRIWHFKQRORJ\DFFHSWDQFHE\LQGLYLGXDOV7KHYDULHW\
RIVROXWLRQVSUHVHQWHGE\ZHE WHFKQRORJLHV LVPRUH OLNHO\ WRVLPXODWHKXPDQ
UHODWLRQVKLSVVXFKDVIDFHWRIDFHLQWHUDFWLRQDQGWKXVWKH\SURYLGHRSSRUWXQLWLHVIRU
LQGLYLGXDOV¶VRFLDOSUHVHQFHUHSXWDWLRQFROODERUDWLRQDQGVKDULQJ0DVRQ	5HQQLH
S
7KHWHFKQRORJ\VWURQJO\SUHGLFWVLQGLYLGXDODQGJURXSLQWHUDFWLRQ$WWKHVDPHWLPH
WHFKQRORJ\PHGLDWHG E\ LQGLYLGXDOV QHHGV DQG JURXS LQWHUDFWLRQ FRXOG VWURQJO\
SUHGLFWDFDGHPLFFROODERUDWLRQ7KHUHYROXWLRQRIZHEWHFKQRORJ\VLQFH
SUHVHQWVPHGLDWKDWHQKDQFHVLQGLYLGXDOVDQGJURXSVVWUXFWXUHFRPPXQLFDWLRQDQG
EXLOGV UHODWLRQVKLSV 0DUDQWR	%DUWRQ  S2XU UHVXOWV IRU WHFKQRORJ\
GHYHORSPHQWDUHFRQVLVWHQWZLWKWKHVXJJHVWLRQRI)DURRT*DQRH&DUUROO	*LOHV
S7KHVHKROGLPSOLFDWLRQVIRUWKHSURSHUGHVLJQRIDQRQOLQHSRUWDOIRU
HFROODERUDWLRQ LQFOXGLQJDYLVXDOL]LQJTXHU\EDVHGVRFLDOQHWZRUNVWR LGHQWLI\
DFDGHPLF FRPPXQLWLHV RI SUDFWLFH E SURYLGLQJ DQ RQOLQH FROODERUDWLYH WRRO WR
VXSSRUWVSHFL¿FDFDGHPLFWDVNVDQGGXWLHVDQGFVXSSRUWDFWLYLW\DZDUHQHVVZLWK
UHFHQWLQIRUPDWLRQUHODWHGWRDFDGHPLFV¶LQWHUHVW7KLVVXJJHVWLRQZDVUHFRPPHQGHG
E\ +&, 	 &6&::H DOVR UHFRPPHQG DQDO\]LQJ LQGLYLGXDO DQG JURXSEDVHG
WHFKQRORJ\DFFHSWDQFH$FFRUGLQJO\2XUVWXG\FRLQFLGHVZLWKWKH¿QGLQJVRI7XUHO
	=KDQJZKRVWUHVVWKHQHHGWRDFFRXQWIRUJURXSEDVHGXVHRIWHFKQRORJ\S
7KLVSRLQWRIYLHZFRXOGUHGXFHWKHDPRXQWRIVRFLDOORD¿QJDQGWKHEHKDYLRURI
OXUNHUVDQGGHIHFWRUV$FDGHPLFJURXSFKDUDFWHULVWLFVLQRXUFDVH3K'FDQGLGDWHVDUH
IDFWRUVWKDWVKRXOGEHFRQVLGHUHGE\GHVLJQHUVDQGXVHUVRIZHEEDVHGFROODERUDWLYH
WRROV7KHLGHDVWRUHLQIRUFHFURVVFRPPXQLW\EULGJHV)DURRTHWDOS

RUHPSOR\QHWZRUNLQJJDWHNHHSHUV1DKPSUHSUHVHQWWZRVROXWLRQVIRU
GHDOLQJZLWKDQGFUHDWLQJFRQQHFWLRQVEHWZHHQWZRGLIIHUHQWVFLHQWL¿FFRPPXQLWLHV
$EULGJHRUJDWHNHHSHU LVD UHVHDUFKHUZKR LVSDUWRI WZRGLIIHUHQWFRPPXQLWLHV
2YHUDOODFFHSWDQFHRIWHFKQRORJ\ERWKLQGLYLGXDO	JURXSEDVHGLVDNH\IDFWRUIRU
VXFFHVVIXOO\EXLOGLQJDQDFDGHPLFUHVHDUFKRQOLQHFROODERUDWLYHSRUWDO7HFKQRORJ\
DFFHSWDQFHDQGIXQFWLRQKDYHDGLUHFWDIIHFWRQDQGVWURQJO\FRQWULEXWHWRLQGLYLGXDO¶V
DWWLWXGHVDQGJURXSLQWHUDFWLRQ
2XUXQGHUVWDQGLQJRIDFDGHPLFFROODERUDWLRQ,WLVOLNH
VWDUWLQJD¿UH6WDUWLQJZLWKIDFLOLWDWLRQDQGPHGLDWKHQ
LQFUHDVLQJHIIRUWDQGRUJDQL]LQJZRUNDPRQJLQGLYLGXDOV
JURXSV¶LQWHUDFWLRQDQGHQYLURQPHQWDOVXSSRUWRQFHWKH\
EORZDQGEORZRQWKH¿UHDQGLQFUHDVHHIIRUWWKH¿UH
ZLOOEHFRPHVWURQJHUVWURQJ2QFHLWJHWVVWURQJLWZLOO
EHDGHTXDWHIRUFRRNLQJSURGXFLQJDQGSRVWSURGXFWLRQ
RINQRZOHGJH$FFRUGLQJO\ZHVXJJHVWWKUHHSURFHVVIRU
SRVLQJDFDGHPLFFROODERUDWLRQ)DFLOLWDWLRQ(IIRUW
	3URGXFLQJ	SRVWSURGXFWLRQRINQRZOHGJH
Figure 3: Our understanding of academic collaboration:  
Fire as a metaphor for conceptualizing academic collaboration.
2XUFRQWULEXWLRQJRHVWKURXJKWKHWLHURIWHFKQRORJ\DVDQLPSRUWDQWIDFWRUZKLFK
HQFRXUDJHDQGVXSSRUWVFLHQWL¿FFROODERUDWLRQDQGSULPDULO\WKRVHVFLHQWL¿FWDVNV
ZKLFKFRXOGVKDSHWKHIXQFWLRQDOLW\RIWHFKQRORJ\2XUUHVHDUFKHUVVXJJHVWHGVXFK
DFWLYLWLHV DV EUDLQVWRUPLQJ QHZ LGHDV SODQQLQJ MRLQW SURMHFWV DQG ZULWLQJ MRLQW
SDSHUV DVZD\V WR LQFUHDVH FROODERUDWLRQ7HFKQRORJ\ LV QHHGHG WRSURYLGHPRUH
FROODERUDWLYHVSDFHVIRUVFLHQWL¿FDOO\VXVWDLQHGDFWLYLWLHV2QFHZHGH¿QHGDYLWDO
SURFHVVLQNQRZOHGJHSURGXFWLRQLWLVHDV\WRIROORZLWXSZLWKWKHSURSHUWHFKQRORJ\
<QDOYH]	6KUXPUHSRUW WKDWDVXFFHVVIXOUHVHDUFKSURMHFWFRXOGWUDQVODWH
LQWRQHZUHVRXUFHVIDFLOLWDWLRQVRFLDODFWLRQDQGDFDGHPLFDFWLYLWLHVS7KH
OD\HUVRIFROODERUDWLRQWKDWRXUUHVHDUFKHUVUHTXHVWHGDQGTXRWHGLQFOXGHSXEOLFDWLRQ
SURGXFWLYLW\ DQG UHVHDUFK WUDLQLQJ DQG WKLV ZDV UHFRUGHG DFURVV H[SHULHQFH
OHYHOVIURPEHJLQQHUVDQGSURIHVVLRQDOVVFLHQWLVWVDQGQRYLFHUHVHDUFKHUV:KLOH
DV\QFKURQRXVGLVFXVVLRQIRUXPVDUHDSURSHUVROXWLRQIRURSHQHQGHGGLVFXVVLRQLW
GRHVQRW¿WSURFHVVVXFKDVMRLQWDXWKRUVKLSDQGZKHWKHURUQRWWHFKQRORJ\UHDGLQHVV
LVDGHTXDWHEHIRUHGHYHORSLQJDVRSKLVWLFDWHGDGYDQFHGFROODERUDWLYHWRRO)DURRTHW
DOS%ODQN+HGJHV	'XQQUHSRUWHGWKDW³WHFKQRORJ\DQGWKH
GLJLWDOZRUOGDUHVWLOOQRWDEOHWRIXOO\PLPLFWKHDQDORJXHZRUOG´6LQFHZHE
WHFKQRORJ\FRXOGHQKDQFHVFLHQWL¿FNQRZOHGJH6KDQJHWDOSDQGWKLVLV
WKHNH\IDFWRULQUHVHDUFKHUV¶DQDORJXHOLIHZHDJUHHZLWK&DUPLFKDHO	%XUFKPRUH
WKDWLWLVLPSRUWDQWWRHPSOR\DQGUHXVHWKLVNLQGRISDUWLFLSDWRU\WHFKQRORJ\

WRHQFRXUDJHVFLHQWL¿FFROODERUDWLRQZLWKUHJDUGWRLQWHUSHUVRQDOSURFHVVHVVXFKDV
SULYDF\DQGWUXVWS7KXVFDUHIXOXQGHUVWDQGLQJLVQHFHVVDU\IRUWUDLQLQJDQG
UHVHDUFKDQGLQVWLWXWLRQDOVXSSRUW LVDOVRUHTXLUHGIRUFRRUGLQDWLRQDQGDFDGHPLF
LQFHQWLYHV)LJXUH
Figure 4. Our recommendation for understanding and enhancing sustained academic 
collaboration on our E&T website
9 Conclusion
6LQFH,&7DQGZHEWHFKQRORJLHVKDYHFKDQJHGVRFLDOOLIHDQGKDYHPROGHGDVRFLDO
UHYROXWLRQLWLVFKDOOHQJLQJWR¿QGZD\VIRUVFLHQWLVWVWRFRPPXQLFDWHDQGFROODERUDWH
7KLVVWXG\FRQWULEXWHVWR¿QGLQJDVROXWLRQIRUWKLVGLI¿FXOW\LQFOXGLQJGHYHORSLQJ
DFRQFHSWXDOIUDPHZRUNIRUVFLHQWL¿FHFROODERUDWLRQDPRQJQRYLFHUHVHDUFKHUVDQG
VFLHQWLVWV DV D FDVH VWXG\RIRXU(GXFDWLRQ	7HFKQRORJ\(XURSHDQSURMHFW7KH
FRQWH[W LQWHUSHUVRQDO LQWUDSHUVRQDO IDFWRUVDQGVXEIDFWRUV WKURXJK WKH IDFWRURI
WLPHDUHWKHPDLQFRQFHSWVWKDWFRXOGHQKDQFHRUKLQGHUVFLHQWL¿FHFROODERUDWLRQ
DPRQJUHVHDUFKHUV7KLVZRUNKDVEHHQFDUULHGRXWLQWKHFRQWH[WRI(	7ZHEVLWH
SODWIRUPDVDQHQGHDYRUWRGHYHORSRXUZHEVLWHDQGWRSURSHUO\GHDOZLWKWKHFRQFHSW
RIHVFLHQFHDQGHUHVHDUFK:HEHOLHYHWKDWVFLHQWL¿FHFROODERUDWLRQLVDFRPSOH[
SKHQRPHQRQZLWKPXOWLSOHVLWHVRILQWHUDFWLRQEHWZHHQIDFWRUV7KLVPRGHOSURYLGHVD
GHVFULSWLRQRIUHOHYDQWIDFWRUVDQGVXEIDFWRUVZKLFKLQVWLWXWHVFDQXVHWRWKLQNDERXW
HVFLHQFHDQGVFLHQWL¿FHFROODERUDWLRQDQGKRZQRYLFHUHVHDUFKHUVDQGVFLHQWLVWV
FXUUHQWO\FROODERUDWHLQRUGHUWRPLPLFDQDORJXHVFLHQWL¿FFROODERUDWLRQLQDGLJLWDO
RQOLQHYHUVLRQ
)XUWKHUPRUH WKLVVWXG\FRQWULEXWHVHPSLULFDOUHVXOWVIURPWKHDGPLQLVWHUHGRQOLQH
VXUYH\2XUQRYLFHUHVHDUFKHUVDQGVFLHQWLVWVZHUHDVNHGDERXWEHLQJFROODERUDWRUV

DQGWKHLUYLHZVDQGLGHDVIRUGHYHORSLQJWKH(	7ZHEVLWHSRUWDOWRHIIHFWLYHO\GHDO
ZLWKWKHMXQLRUVHQLRUOD\HUVRIVFLHQWL¿FFROODERUDWLRQ:HIRXQGWKDWKLJKTXDOLW\
WHFKQRORJLFDOGHVLJQFRXOGSUHGLFWDQDGHTXDWH OHYHORIVFLHQWL¿FHFROODERUDWLRQ
7KLV FRXOGPDNH D FOHDU WUDQVODWLRQ RI UHDO VFLHQWL¿F FROODERUDWLRQ LQWR D GLJLWDO
IRUP)XUWKHUPRUHRQHPXVWWDNHLQWRDFFRXQWLQWUDSHUVRQDODVSHFWVOLNHWHFKQRORJ\
DGRSWLRQSURFHVV LQWHUSHUVRQDODVSHFWVPDLQO\SULYDF\ WUXVWVRFLDOSUHVHQFHDQG
JURXSWHFKQRORJ\DFFHSWDQFHFRQWH[WXDOLVVXHVUHODWHGWRWKHUHDOWDVNVRIUHVHDUFKLQJ
DQGVXVWDLQHGWHFKQRORJLFDODQGDGPLQLVWUDWLRQDOVXSSRUW:HVXJJHVWGXDOOD\HUVRI
HFROODERUDWLRQEHWZHHQMXQLRUVWKRVHEHFRPLQJDUHVHDUFKHUDQGVHQLRUVLQWKHIRUP
RIFRDXWKRULQJ,QFHQWLYHVDUHQHHGHGDQGWKXVUHSUHVHQWDQLPSRUWDQWLVVXHLQRUGHU
WRKDYHVXVWDLQHGFROODERUDWLRQDPRQJQRYLFHUHVHDUFKHUVDQGVFLHQWLVWV
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